TSMC2002-0110 



A METHOD OF FORMING DRAM CAPACITORS WITH PROTECTED 
OUTSIDE CROWN SURFACE FOR MORE ROBUST STRUCTURES 

BACKGROUND OF THE INVENTION 

(1) FIELD OF THE INVENTION 

This invention relates to semiconductor integrated circuit 
devices, and more particularly relates to a method for making 
dynamic random access memory (DRAM) crown capacitors with 
improved physical strength. The process is particularly useful 
for crown capacitors for the next generation of DRAM circuits 
with minimum feature sizes of 0.18 micrometer (urn) and less. 
The invention uses a protective inter level dielectric (ILD) 
structure between capacitors while utilizing most of the outer 
surface (> 50%) for increasing the capacitance. 

(2) DESCRIPTION OF THE PRIOR ART 

Dynamic random access memory (DRAM) circuits (devices) are 
used extensively in the electronics industry, and more 
particularly in the computer industry for storing data in binary 
form (Is and 0s) as charge on a storage capacitor. These DRAM 
devices are made on a semiconductor substrate (or wafer) , and 
then the substrate is diced to form the individual DRAM circuits 
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(or chips) . Each DRAM circuit (chip) consists in part of an 
array of individual memory cells that store binary data (bits) 
as electrical charge on the storage capacitors. Further, the 
information is stored and retrieved from the storage capacitors 
by means of switching on or off a single access transistor (via 
word lines) in each memory cell using peripheral address 
circuits, while the charge stored on the capacitors is sensed 
via bit lines and by read/write circuits formed on the 
peripheral circuits of the DRAM chip. 

Since the capacitor area is limited to the cell size, in 
order to accommodate the multitude of cells on the DRAM chip, it 
is necessary to explore alternative methods for increasing the 
capacitance while decreasing the lateral area that the capacitor 
occupies on the substrate surface. In recent years the method 
of choice is to build stacked capacitors in the vertical 
direction over the access transistors within each cell area to 
increase the capacitance of the individual capacitors by 
increasing the capacitor area in the vertical direction. This 
provides increased latitude in capacitor design while reducing 
the cell area. 

However, as the minimum feature size for future product is 
reduced to 0.18 urn or less, the ratio of the bottom width to the 
height of the crown capacitor is dramatically reduced, and the 
wall of the capacitor bottom electrode is also much thinner. 
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Therefore, it is difficult to form these fragile freestanding 
capacitor bottom electrodes without resulting in damage during 
subsequent processing. 

To better understand this problem, Fig. 1 shows a crown 
capacitor on a substrate 10 before removing the inter level 
dielectric layer. The partially completed devices, such as the 
shallow trench isolation and the pass transistors on the 
substrate, are not depicted to simplify the drawings. The 
method for making the crown capacitors includes depositing a 
first insulating layer 12 over the partially completed device 
areas on the substrate 10. Openings 2 for capacitor node 
contacts are etched in the insulating layer 12 and filled with a 
conducting material, such as doped poly silicon, tungsten, and 
the like to form the node contacts 14. A thick second 
insulating layer 16 (ILD) is deposited and openings 4 are etched 
over the node contacts 14 for the capacitor bottom electrodes. 
Then a conformal conducting layer 20 is deposited and polished 
back to form the bottom electrodes 20 for the capacitors. By 
retaining the second insulating layer 16, only the inner surface 
of the conducting layer 20 is used to make the capacitor 
(referred to as an inner-crown capacitor) . However, the 
available area for making the capacitor is substantially reduced 
since the outside surface area of the bottom electrode is not 
used for capacitance. 
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As shown in Fig* 2 the second insulating layer 16 is 
completely removed to form freestanding bottom electrodes 20 for 
the crown capacitors* The capacitor area is substantially 
increased. However, for future DRAMs having minimum feature 
sizes less than 0.18 urn, the ratio of the height over the width 
at the base is substantially increased. Because of the extreme 
height and narrow base, the bottom electrode structure is not 
sturdy, and is prone to damage during subsequent processing. 

One method of reducing the process damage is to partially 
blanket etch back the ILD layer 16 to provide additional support 
at the base of the capacitor bottom electrode 20, as shown in 
Fig. 3. Unfortunately, due to non-uniform loading effects and 
etching variations across_the wafer, non-uniform etching of the 
ILD layer between the closely spaced bottom electrodes 20 
results in poor etch uniformity between the capacitor bottom 
electrodes and across the wafer, and results in unacceptably 
large variations in capacitance among individual memory cells 
when the capacitors are completed. 

Numerous methods of making stacked capacitors with vertical 
structures to increase capacitance while increasing the packing 
density of the cells have been reported in the literature. For 
example, U. S. Patent 6,130,128 to Lin and U. S. Patent 
6,187,625 Bl to Lin et al. both describe a method for 
fabricating a crown capacitor having double sidewalls using a 
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freestanding bottom electrode , as shown in Fig. 2K of both 
patents. Huang in U. S. Patent 6,187,624 Bl describes a method 
for making closely spaced capacitors in adjacent recesses. The 
process forms the capacitor bottom electrode on the inner 
surface of the recess only. The method is for making closely 
spaced capacitors with a low-dielectric-constant material 
between capacitors to reduce coupling. In U. S. Patent 
6,180,483 Bl to Linliu describes a method for making multiple 
crown capacitors. The method relies upon forming freestanding 
bottom electrodes, as shown in Fig. ID. None of the above cited 
references addresses the problem of bottom-electrode damage 
during subsequent processing. 

However, there is still a need in the semiconductor 
industry to provide crown capacitors having increased uniform 
capacitance among individual memory cells while reducing the 
susceptibility to process damage subsequent to making the 
capacitor bottom electrodes. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to make a 
high-density array of crown capacitor structures having 
increased height for increased capacitance while reducing 
processing damage. 
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Another object of the present invention is to use a novel 
photoresist mask for selective etching to modify the insulating 
layer between the bottom electrodes of the crown capacitors to 
provide support for the bottom electrodes, which prevents 
subsequent processing damage, while exposing portions of the 
sidewalls of the bottom electrodes for increased capacitance. 

A further object of this invention, by a first embodiment, 
is to use a novel photoresist mask to pattern the insulating 
layer to leave portions between pairs of capacitor bottom 
electrodes for the array of capacitors. 

Still another object of this invention, by a second 
embodiment, is to use a novel photoresist mask to leave portions 
of the patterned insulating layer contiguous with each group of 
four adjacent capacitor bottom electrodes for the array of 
capacitors . 

The method for making these improved capacitors using a 
protective interlevel dielectric (ILD) structure between 
capacitors to reduce subsequent processing damage while 
utilizing most of the outer surface (> 50%) for increasing the 
capacitance begins by providing a substrate having partially 
DRAM devices. Typically the substrate is a P doped single- 
crystal silicon having a <100> crystallographic orientation. A 
first insulating layer is deposited on the substrate to 
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electrically insulate the partially completed DRAM devices. An 
array of first openings are etched in the first insulating layer 
to the substrate for capacitor node contact plugs. A conducting 
material, such as doped polysilicon, is deposited to fill the 
first openings, and is polished back to form the capacitor node 
contact plugs to the surface of the substrate. A thick second 
insulating layer is deposited, and an array of second openings 
are etched in the second insulating layer, aligned over and to 
the node contact plugs, in which the capacitor bottom electrodes 
will be formed. A relatively thin conformal first conducting 
layer is deposited and polished back to the top surface of the 
second insulating layer to form the capacitor bottom electrodes 
in the second openings. A key feature of the invention is to 
patterning the second insulating layer using a patterned 
photoresist mask and anisotropic plasma etching to leave 
portions of the second insulating layer between and contacting 
adjacent bottom electrodes. This novel process step provides 
physical support for each of the bottom electrodes in the array 
of bottom electrodes. This additional physical support of each 
bottom electrode reduces damage during subsequent cleaning and 
processing operations. Further, the portions of the second 
insulating layer that are removed expose portions of the outer 
sidewall areas of the bottom electrodes for increased 
capacitance. For example, the capacitance can be increased by 
as much as 50 percent, or more. To complete the array of 
capacitors, an interelectrode dielectric layer is formed on the 
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bottom electrodes, and a second conducting layer is deposited 
and patterned to form the capacitor top electrodes. 

In a first embodiment , the second insulating layer is 
patterned to retain a portion of the insulating material between 
pairs of capacitor bottom electrodes for the array of capacitors 
to provide additional support and to reduce damage in subsequent 
processing steps. In a second embodiment an alternative method 
is described using the patterned second insulating layer to 
support the capacitors. The second insulating layer is 
patterned to retain a portion of the insulating material 
contiguous and between each group of four adjacent capacitor 
bottom electrodes for the array of capacitors. The second 
embodiment can be achieved using the mask of the first 
embodiment and reversing the polarity of the photoresist or the 
mask. For example, the photoresist type can be changed from 
positive to negative, or vice versa. Alternatively, the mask or 
reticle polarity (opacity) can be reversed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of this invention are best 
understood when read in conjunction with the attached drawings 
in the figures. 
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Figs. 1 through 3 are schematic cross-sectional views 
showing three conventional means of making crown capacitors and 
depict the physical limitations. 

Figs. 4 through 6 are schematic cross-sectional views 
showing the sequence of process steps for making crown 
capacitors up to the formation of the bottom electrodes. 

Figs. 7A through 7C are schematic top views of a portion of 
the array of crown capacitors and depict the masking and etching 
steps to achieve the objectives of the first embodiment. 

Fig. 8 is a schematic cross-sectional view of the crown 
capacitor structure of Fig. 7C through the portion 8-8' and 
depicting the insulating support joining two adjacent 
capacitors . 

Fig. 9 is a schematic cross-sectional view of the crown 
capacitor structure of Fig. 7C through the portion 9-9' and 
depicting the exposed outer sidewalls of the bottom electrodes 
for increased capacitance. 

Figs. 10A through IOC are schematic top views of the array 
of crown capacitors and depict the masking and etching steps to 
achieve the objectives of the second embodiment. 



9 



TSMC2002-0110 



Fig. 11 is a schematic cross-sectional view of the crown 
capacitor structure of Fig. IOC through the portion 11-11' and 
depicting the exposed outer sidewalls of the bottom electrodes 
for increased capacitance. 

Fig. 12 is a schematic cross-sectional view of the crown 
capacitor structure of Fig. IOC through the portion 12-12' and 
depicting the insulating support joining four adjacent 
capacitors . 

Figs. 13 and 14 are schematic cross-sectional views showing 
the completed capacitors after forming the interelectrode 
dielectric layer and the top electrode plates. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The method for making an array of improved crown capacitors 
is now described in detail. The invention utilizes portions of 
an interlevel dielectric structure between capacitors to reduce 
subsequent processing damage while utilizing the remaining 
exposed outer surface (> 50%) for increasing the capacitance. 
Although the drawings depict a method for making capacitor 
bottom electrode structures having essentially rectangular 
shapes, it should be understood by those skilled in the art that 
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the method is also applicable to capacitors having other shapes 
such as cylindrical, oval, and the like. 

Referring to Fig. 4, the method begins by providing a 

substrate 10 having partially completed DRAM devices (not 

shown) . Typically the substrate is a P doped single-crystal 

silicon having a <100> crystallographic orientation on and in 

which semiconductor devices, such as FETs, are formed. A first 

insulating layer 12 is deposited on the substrate 10 to 

electrically insulate the partially completed DRAM devices. The 
first insulating layer 12 is preferably silicon oxide (Si0 2 ) 

deposited, for example, by low-pressure chemical vapor 

deposition (LPCVD) . Although not depicted in the Figs., layer 

12 can also include a barrier layer, such as silicon nitride 
(Si 3 N 4 ) , and layer 12 can also be doped, for example with boron 

and/ or phosphorus, to reduce ionic contamination, such as 
sodium, of the underlying devices. The first insulating layer 
12 is deposited to a preferred thickness of between about 100 
and 5000 Angstroms. 

Still referring to Fig. 4, an array of first openings 2 are 
etched in the first insulating layer 12 to the substrate 10 for 
capacitor node contact plugs. Conventional photolithographic 
techniques and anisotropic plasma etching are used to etch the 
first openings 2. A conducting material 14 is deposited 
sufficiently thick to fill the first openings 2. The conducting 
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material is preferably an N doped polysilicon, and is deposited 
by CVD using a reactant gas such as silane (SiH^) . 

Alternatively r other conducting materials, such as tungsten , 
tungsten silicide, aluminum-copper, and the like, can be used, 
and a barrier layer can also be included to improve adhesion and 
prevent unwanted interactions between the conducting material 
and the substrate 10. The barrier layer is not depicted in the 
Figs to simplify the drawings. The conducting material 14 is 
then polished or etched back to the surface of the first 
insulating layer 12 to form capacitor node contact plugs 14, 
which are coplanar with the surface of the first insulating 
layer 12, as shown in Fig. 4. 

Continuing with Fig. 4, a thick second insulating layer 16 
is deposited. Layer 16 is preferably a CVD Si0 2 and is deposited 

using a reactant gas such as tetraethosiloxane (TEOS) . Layer 16 
is deposited to a thickness equal to the desired height of the 
bottom electrodes for the crown capacitor, and more specifically 
is deposited to a thickness of between about 1000 and 100000 
Angstroms . 

Next as shown in Fig. 5, an array of second openings 4 are 
etched in the second insulating layer 16 for the bottom 
electrodes. The openings 4 are aligned over and etched to the 
surface of the node contact plugs 14. The etching is preferably 
carried out using a reactive ion etcher (RIE) or a high-density 
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plasma (HDP) etcher and an etchant gas mixture, for example, a 
gas containing fluorine atoms. 

As shown in Fig. 6, a relatively thin conformal first 

conducting layer 20 is deposited and polished back to the top 

surface of the second insulating layer 16 to form the capacitor 

bottom electrodes 20 in the second openings 4. The first 

conducting layer 20 is preferably a doped polysilicon layer or a 

metal silicide layer* Also, a metal such as copper, aluminum, 

or tungsten can be used for the first conducting layer 20. 
Alternatively, if a high-dielectric (high-k) film, such as Ta O 

and the like, is used in the capacitor, a more exotic conducting 
material can be used for the capacitor bottom electrodes to 
prevent interface reactions. 

Fig. 7A shows a top view of Fig. 6 and depicts the 
partially completed capacitors up to the completed bottom 
electrodes 20. The cross section in Fig. 6 is for the region 6- 
6' in Fig. 7A. The top view of Fig. 7 A shows a portion of an 
array of capacitor bottom electrodes. Only nine of the 
capacitor bottom electrodes 20 are depicted to simplify the 
drawing. The top view depicts the bottom electrodes 20 in the 
second openings 4 formed in the second insulating layer 16. 

Referring now to Fig. 7B, a key feature of the invention is 
to design a novel photoresist mask 22 to selectively protect 
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areas of the second insulating layer 16 from etching between 
adjacent bottom electrodes. The patterned photoresist mask 22 
also extends over the array of bottom electrodes 20 to protect 
the bottom electrodes during etching. The photoresist mask 22 
is designed to expose layer 16 in the regions R between four 
adjacent bottom electrodes. The second insulating layer 16 is 
then anisotropically plasma etched to the first insulating layer 
12 to expose portions of the outside surface 20S of the bottom 
electrodes 20. A plasma ashing in oxygen and/ or wet stripping 
is used to remove the photoresist mask 22. After removing the 
photoresist 22, the remaining second insulating layer 16 between 
adjacent bottom electrodes 20 results in the more robust 
structure shown in the top view of Fig. 7C. The etching removes 
the second insulating layer 16 from regions R exposing the outer 
sidewalls 20S of the bottom electrodes 20 to increase the 
capacitor area. 

To better appreciate the advantages of the invention, Fig. 
8 shows a cross section through the region 8-8' of Fig. 7C, and 
Fig. 9 shows a cross section through the region 9-9' of Fig. 7C. 
The cross section through the region 8-8' shows the exposed 
portions of the outside surface 2 OS of the bottom electrodes for 
increased capacitance. By controlling the dimensions of the 
patterned photoresist mask and etching, the exposed outer 
surface 2 OS of the bottom electrode can be increased in area to 
increase capacitance by as much as 50 percent, or more. Fig. 9 
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shows the cross section through the region 9-9' having the 
retained second insulating layer 16 supporting adjacent bottom 
electrodes 20. The increased physical supporting structure 16 
prevents damage to the bottom electrodes 20 during subsequent 
processing. 

In a second embodiment an alternative method is described 
using a different design for patterning the second insulating 
layer 16 to support the capacitor bottom electrodes 20. The 
second embodiment is the same as the first embodiment up to and 
including the structure shown in Fig. 6. One method of 
achieving the objectives of the second embodiment is to reverse 
the polarity (opacity) of the reticle used to expose the 
photoresist layer of the first embodiment. Alternatively, the 
photoresist type (positive or negative resist) can be changed 
instead of making a reticle with reversed polarity. 

Referring to Fig. 10A, a top view of Fig. 6 shows the 
partially completed capacitors up to the completed bottom 
electrodes 20. The cross section in Fig. 6 is for the region 6- 
6' in Fig. 10A. The top view of Fig. 10A shows a portion of an 
array of capacitor bottom electrodes 20. Only nine of the 
capacitor bottom electrodes 20 are depicted to simplify the 
drawing. The top view depicts the bottom electrodes. 20 in the 
second openings 4 formed in the second insulating layer 16. 
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Referring now to Fig. 10B, a key feature of the second 
embodiment is to design a novel photoresist mask 23 to 
selectively protect areas of the second insulating layer 16 from 
etching. The photoresist mask 23 protects the regions R between 
four adjacent bottom electrodes, and extends over the edge E of 
each bottom electrode 20. The photoresist is exposed and 
partially developed to expose to the top surface of the second 
insulating layer 16 and to leave portions of the photoresist in 
the second openings 4 to protect the bottom electrodes 20 during 
the oxide etching step. The second insulating layer 16 is then 
anisotropically plasma etched to the first insulating layer 12 
to expose portions of the outside surface 20S between pairs of 
the bottom electrodes 20. A plasma ashing in oxygen and/ or wet 
stripping is then used to remove the remaining photoresist mask 
23. 

As shown in the top view of Fig. 10C, after the photoresist 
is removed, the remaining second insulating layer 16 between and 
contiguous with the four adjacent bottom electrodes 20 results 
in the more robust structure. Also, after etching the second 
insulating layer 16 between bottom electrodes 20 to the surface 
of the first insulating layer 12, the outer sidewalls 2 OS of the 
bottom electrodes 20 are exposed to increase the capacitor area. 

To better appreciate the advantages of the second 
embodiment, Fig. 11 shows a cross section through the region 11- 
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11' of Fig. IOC, and Fig. 12 shows a cross section through the 
region 12-12' of Fig. IOC. The cross section through the region 

11- 11' shows the portions of the second insulating layer 16 
retained between and contiguous with four adjacent bottom 
electrodes 20. This increased physical supporting structure 16 
prevents damage to the bottom electrodes 20 during subsequent 
processing. Fig. 12 shows the cross section through the region 

12- 12' where the second insulating layer 16 is removed between 
pairs of adjacent bottom electrodes 20. This exposes the 
outside surface 2 OS' between pairs of adjacent bottom electrodes 
for increased capacitance area. By controlling the dimensions 
of the patterned photoresist mask and etching, the exposed outer 
surface 2 OS' of the bottom electrode can be increased in area to 
increase capacitance by as much as 50 percent, or more. 

Referring to Figs. 13 and 14, the array of capacitors is 

completed. The remaining process steps are depicted for the 

second embodiment and are shown for the two respective cross 

sections through 11-11' and 12-12' of Fig. IOC. To complete the 

array of capacitors, a thin interelectrode dielectric layer 24 

is formed on the bottom electrodes 20. For example, when the 

bottom electrodes 20 are a polysilicon, layer 24 is preferably 

silicon oxide/silicon nitride/silicon oxide (ONO) . The ONO 
layer 24 can be formed by depositing a Si 3 N 4 layer, which is then 

reduced in an oxygen ambient to form the Si0 2 , and another Si 3 N 4 
layer is deposited. Alternatively, a high-dielectric material, 
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such as tantalum pentoxide and the like, can be used for layer 
24 when the bottom electrodes 20 are metal. Layer 24 is formed 
to a thickness of between about 1 and 100 Angstroms. The array 
of capacitors is now completed by forming capacitor top 
electrodes 26. The top electrodes are formed by depositing and 
patterning a doped poly silicon layer 26 when layer 24 is ONO. 
Alternatively the top electrodes are formed by depositing and 
patterning a metal layer 26 when layer 24 is a high-k material. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made without departing from 
the spirit and scope of the invention. The invention is 
described for a single-walled crown capacitor structure. 
However, it should be understood that the method of retaining 
portions of an insulating layer between and contiguous with the 
outer sidewalls of adjacent capacitor bottom electrodes can also 
apply to more complex crown structures having multi -walled 
capacitors . 

What is claimed is: 
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